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Evaluation of two depletion strategies for inhibition of IgE 
reactivity in serum 

 
 
 
 

Charlotta Gustafsson 
 
 
 

Populärvetenskaplig sammanfattning 
 
 

Allergiska reaktioner mot substanser i vår mat och i vår omgivning är ett snabbt växande 
problem, speciellt här i västvärlden. Uppemot 35 % av befolkningen påverkas av någon form av 
allergi. I dagsläget är det effektivaste botemedlet att undvika allergenet, därför är det viktigt att 
patienten diagnostiseras korrekt. 
 
De flesta allergiska reaktioner mot pollen, husdjur och föda uppkommer genom att kroppens 
immunförsvar överreagerar på dessa substanser. Detta sker genom att IgE antikroppar binder 
substansen och triggar reaktionen. Phadia AB har utvecklat ett test som mäter koncentrationen av 
IgE antikroppar i blodet som binder till specifika allergener. Detta kan man göra för över 500 
olika allergiframkallande ämnen. Om man har höga nivåer av IgE mot t.ex. katt så betyder det 
oftast att man är allergisk mot katt. 
 
För att kunna förbättra och förfina dessa test försöker man hela tiden att lära sig mer om olika 
IgE antikroppar, vad de binder till och hur reaktionen av denna bindning yttrar sig. Jag har därför 
i mitt examensarbete jämfört tre olika strategier för att släcka ut IgE molekylens förmåga att 
binda till allergener. Genom att släcka ut olika IgE antikroppar i ett patientprov kan man 
karakterisera IgE antikropparna i provet och de nyfunna kunskaperna kan användas till att förfina 
och förbättra dagens allergitester.  
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1. Introduction 

1.1 Background 
Allergic reactions to food and proteins in 

our environment is a fast-growing problem, 

especially in the western world where 

approximately 35% of the population is 

affected. Several interacting factors are likely 

to be involved in this development since no 

simple explanation for the increase in allergic 

individuals has been found. Our antiseptic 

lifestyle, the increased use of antibiotics, new 

eating habits and environmental pollution 

are some of the reasons put forward 

(Folkhälsoinstitutet 2001).  

 

1.2 The immune system 
The function of the immune system is to 

defend the individual against pathogens, but 

the mechanisms that protect us can also 

cause tissue injury and disease. That is what 

lies behind an allergic reaction.  

 

Our immune system is divided into two 

parts. One part, our early defences against 

microbes, treats all foreign substances in a 

similar way. These cellular and biochemical 

mechanisms are called innate immunity. The 

other part of the immune system is called 

adaptive immunity. It develops as a response 

to an infection and can distinguish between 

closely related pathogens and molecules. It 

can also remember previous infections and 

will therefore react more efficiently if faced 

again with a similar pathogen. There are two 

types of adaptive immune responses. Firstly, 

the humoral immunity whose mediators are 

B lymphocytes and their secreted products 

antibodies. It functions in defence against 

extracellular pathogens. Secondly, the cell 

mediated immunity which involves T 

lymphocytes and their products and defends 

the host against intracellular pathogens 

(Abbas & Lichtman 2003).  

 

1.3 Antibodies 
Antibodies are membrane bound or secreted 

glycoproteins produced by B lymphocytes. 

When antibodies bind specifically to 

antigens they trigger effector mechanisms 

that protect us against extracellular 

pathogens. Antibodies are part of the 

humoral immunity, either as membrane 

bound receptors on cells or circulating in 

biological fluids throughout the body.  

All antibodies share the same basic structure. 

They are composed of two light and two 

heavy chains. Both chains consist of an 

amino terminal variable (V) region that 

participates in antigen recognition and a 

carboxyl terminal constant region (C) that 

mediates effector functions. Variable regions 

contain sequences of high variability that in 

three-dimensional space are brought 

together to form an antigen binding surface. 

The high variability regions give every 
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individual over 107 unique antibody 

molecules and a high capacity to bind 

structurally diverse antigens. The four chains 

contain a series of repeated, homologous 

units that fold into a globular motif called an 

immunoglobulin (Ig) domain. Depending on 

the composition of the heavy chain C region 

antibodies are divided into five subclasses 

(isotypes) IgA, IgD, IgE, IgG and IgM, with 

different functional properties. 

 

1.4 Allergy  
 

1.4.1 Cause and effect of allergy 
Immediate hypersensitivity type I is the IgE 

mediated reaction called allergy. It occurs 

when the immune system reacts to 

substances that are generally harmless and in 

most people do not cause an immune 

response. The antigens that induce the 

production of IgE and trigger allergic 

reactions are called allergens. The symptoms 

of an allergic reaction come within minutes 

after allergen challenge. Many, if not all 

substances are potential allergens. Hereafter, 

this work focuses on food allergens. Studies 

indicate that 6% of young children and 

approximately 4% of adults are affected by 

food hypersensitivity type I reactions 

(Sampson 2004).  

 

When the immune system is first exposed to 

an allergen, TH2 cells are activated leading to 

a stimulation of B cells, mainly through the 

secretion of IL-4, to produce allergen 

specific IgE. The antibodies bind with high 

affinity to FcεRI receptors expressed on 

mast cells, basophils and eosinophils. The 

three cell types are found in tissues (mast 

cells and eosinophils) or circulating in the 

blood (basophils and eosinophils). They all 

contain granules with molecules like 

histamine and heparin that mediates allergic 

reactions when released. The person is said 

to be sensitized. When the sensitized 

individual encounters the allergen a second 

time the cell-associated antibodies are cross-

linked by the allergen. This triggers the cell 

to release the preformed contents in its 

granules (fig 1). 

 

There is a strong genetic element in the 

development of allergy. People with genetic 

predisposition to developing allergy are 

referred to as atopic. Studies have identified 

gene clusters encoding different cytokines 

that stimulate heavy chain isotype switching 

to the IgE class in B cells as important 

inherited genes in atopic individuals. Over-

expression of these genes may cause 

abnormally high levels of IgE synthesis and 

could contribute to the development of 

allergy (Abbas & Lichtman 2003).  
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Fig 1. When an allergic reaction occurs the 

allergen will trigger mast cells to release 

symptom causing mediators like histamin.  

 

1.4.2 Food allergens 
Substances that induce the production of 

IgE and trigger an allergic reaction are often 

present in food. Different kinds of foods are 

more likely to induce allergic reactions at 

different times during life. During childhood 

cow’s milk, eggs, peanuts, soy beans, wheat, 

fish and tree nuts are common allergenic 

sources. In adults the most common food 

allergens are substances in peanuts, tree 

nuts, fish and shellfish. Even though low 

molecular weight, glycosylation, and high 

solubility in body fluids are typical 

characteristics of many common allergens it 

is hard to predict structural features that 

might cause allergy. The major food 

allergens are soluble in water (albumins) or 

saline (globulins) and have a molecular mass 

ranging from 10 000 to 60 000 Mr. Very low 

levels of antigen, for example traces of 

peanut in a chocolate bar can induce an 

allergic reaction if the person has pre-

existing IgE-mediated food allergy (Burks et 

al. 2001). 

 

1.4.3 Allergic symptoms 
The clinical manifestations of the disease 

depend on the tissues affected by allergen-

stimulated release of mast cell mediators. 

Allergy to foods triggers vomiting and 

diarrhea. Asthma is the reaction in the lungs 

and allergic rhinitis (hay fever) is the most 

common allergic disease of the upper 

respiratory tract. Allergic reactions in the 

skin are manifested as urticaria (redness and 

local soft swelling) and eczema. The most 

extreme reaction is the systemic reaction 

called anaphylactic shock. It is often fatal 

and characterized by simultaneous edema in 

multiple tissues and falling blood pressure 

(Sampson 2004). 

 

1.4.4 Allergy diagnostics 
Diagnosis of food allergy often starts with a 

medical history combined with diet diaries 

and elimination diets over several weeks. A 

useful help in diagnosis are in vivo and in vitro 

laboratory tests. There are several types of in 

vivo allergy tests, provocation and skin 

testing are two common strategies. Double-

blind placebo controlled food challenge 

 Allergen 

B cell 
TH2 

IgE-secreting B cell  

Mast cell FcεRI 
receptor 

mediators 
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(DBPCFC) is a provocation method where 

the suspected allergen is hidden in a drink or 

food. Neither the doctor nor the patient 

knows if the patient will be given the 

suspected food or placebo. The patient is 

fed with increasing dose of the allergen 

while kept under strict observation. From a 

successful provocation, the physician can 

determine whether the patient is allergic or 

not. Problems with provocation tests are 

that they are time consuming, expensive and 

potentially dangerous to the patient. In skin 

test, allergen extracts are placed on or just 

under the skin and the local reaction is 

monitored. Reaction to allergens eliciting a 

wheal at least 3 mm larger than the reaction 

produced by the negative control (a solution 

with sodium chloride) are considered 

positive (Sampson 2004). The skin test 

response does not necessarily correlate with 

clinical symptoms (Beausoleil & Spergel 

2006). To overcome the above mentioned 

problems with in vivo tests, in vitro tests have 

been developed to diagnose allergy. One of 

them is Phadia´s Specific IgE that measures 

the concentration of circulating allergen 

specific IgE in serum or plasma (fig 2).  

 

 
. 

 
. 

 

1. The allergen of 
interest, covalently 
coupled to the solid 
phase reacts with the 
specific antibodies in 
the patient sample.

2. After washing away 
non-specifically bound 
antibodies enzyme-
labelled antibodies 
against IgE are added 
to form a complex. 

3. After incubation, 
unbound enzyme-labelled 
anti-IgE is washed away 
and the bound enzyme-
complex is then 
incubated with a 
substrate. 
 
4. After stopping the 
reaction, the fluorescence 
of the eluate is measured. 
The higher the 
fluorescence, the more 
specific IgE is present in 
the sample. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. ImmunoCAP™ Specific IgE (figure from 

ImmunoCAP in vitro sight). Used with 

permission from Phadia AB. 

 

1.4.5 Allergy therapy 
Once the diagnosis of food allergy is 

established, the only proven therapy 

remaining is elimination of the offending 

food. Since allergy can be outgrown with 

age, children with low levels of specific IgE 

should be re-evaluated regularly when older 

to see if they have developed clinical 

tolerance. There are limited medical 
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treatments for allergies. To help keep the air-

ways open during anaphylactic shock 

epinephrine can be injected as a first aid. 

Antihistamines and cortisone can be given 

to reduce allergic symptoms. Several forms 

of immunotherapy are being explored. One 

is by progressively give patients larger doses 

of the allergen, another form is trough 

injection of monoclonal anti-IgE antibodies.  

 

1.4 Cross reactivity 
Even though the antibody-allergen 

interaction is highly specific, antibodies 

produced against one allergen can bind to a 

different but structurally related substance 

(Aalberse et al. 2001).  

 

Cross reactions can have clinical 

consequences. Due to cross reactivity 

allergic symptoms can occur in response to a 

source the patient has previously not been 

exposed to. An example from Northern 

Europe where cross reaction between birch 

pollen, soy bean, peanut and apple often 

starts with the patient being sensitized to 

birch pollen and the major birch pollen 

allergen, Bet v 1. The highly similar 3-D 

structure between the phylogenetically 

related proteins Gly m 4 (soy bean), Ara h 8 

(peanut) and Mal d 1 (apple) might be 

confusing to the immune system. Antibodies 

that are able to recognize Bet v 1 may be 

able to bind one or more of the other 

homologous proteins (Ghunaim 2004). IgE 

can also cross react with apparently 

unrelated proteins through common 

carbohydrate structures. Such cross reactive 

carbohydrate determinants, CCDs, are 

found mainly in plants but also on for 

instance phospholipase A in bee venom. 

 

The phenomenon is of great interest for 

several reasons. Firstly, when using in vitro 

diagnostics, it is important to know the 

patterns of cross reactivity as it otherwise 

may affect the diagnosis. There is also a need 

to establish if the cross reactions are 

clinically relevant. Lastly, the ability to 

predict IgE cross reactivity might be helpful 

considering potential allergic reactions to 

novel foods (Aalberse 2001).  

 

1.5 Soy bean (Glycine max)  
The soy bean is one of the world’s most 

important legumes, mainly for its high 

content of protein and oil. It originates from 

East Asia where it has been cultivated for 

thousands of years. For the last 25 years the 

major producers have been the USA, Brazil 

and Argentina and the amounts grown has 

increased remarkably. Soy bean can be used 

fresh or processed into flour, tofu, soy 

sauce, soy milk or soy oil. It is used as an 

additive in foods but also in industrial 

products including soap, cosmetics and 

plastics. Soy bean is one of several crops 

being genetically modified. One type is 

created by inserting a bacterial gene that 
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makes the plant resistant to the herbicide 

Round Up (National encyclopaedia 2006). 

Soy bean globulins are the major proteins of 

the soy bean. So far, around 15 proteins with 

a capacity of binding IgE have been found 

in soy bean (ImmunoCAP in Vitrosight). 

 

1.6 Peanut (Arachis hypogaea) 
Peanut is native to South America, but is 

now also grown in North America, Africa 

and Asia. Its principle uses are as snacks 

(salted and shelled nuts, peanut butter, candy 

bars) and peanut oil. Peanuts are also used 

industrially with paint, cosmetics and 

nitroglycerin being made from peanut oil. 

Allergic reactions to peanuts are often acute 

and severe, with small quantities causing 

anaphylaxis. Peanut allergy is far more 

common in the western world, where the 

peanuts are mostly eaten roasted, than in 

China and India, where peanuts are often 

boiled. The peanut is a member of the 

legume family and have allergens structurally 

similar to, among others, soy bean. IgE 

antibodies with the ability to bind both soy 

bean allergens and peanut allergens have 

been found. (Eigenmann et al. 1998) (Burks 

et al. 2001). 

 

 

 

 

 

 

1.7 Aim 
Inhibition in a solution, where the inhibitor 

is diluted and incubated directly in the serum 

sample and the concentration of unbound 

specific IgE is measured by ImmunoCAP 

specific IgE, is a well known method. 

However, the strategy ending up with a 

diluted serum with remaining inhibitors is 

not useful for all applications. In this study 

we have evaluated two other strategies, 

where the IgE antibodies bound to an 

immobilized allergen or allergen extract are 

removed from the serum after the 

incubation step, namely depletion with 

allergen attached to either an ImmunoCAP 

matrix or polystyrene particles. The IgE 

reactivity after incubations using the three 

different methods was compared using 

analysis with ImmunoCAP Specific IgE. All 

three techniques were evaluated with soy 

bean reactive sera inhibited with soy bean 

extract, peanut extract, recombinant Gly m 4 

or Ara h 8. 

 

1.8 Experimental techniques 
 

1.8.1 Inhibition of IgE reactivity 
Impediment of function is the explanation 

found in the dictionary when searching for a 

definition of the word inhibition (Merriam 

Webster 2007). Inhibition studies are 

commonly used to investigate the degree of 

cross reactivity between related allergen 

sources. The inhibition studies described in 
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this report start with incubation of the 

inhibitor, an allergen, with serum, followed 

by measurement of the remaining IgE 

reactivity using ImmunoCAP specific IgE. 

In this report two main incubation 

techniques are described. 

 

1.8.1.1 Inhibition in solution 

In this report, inhibition in solution is from 

now called CAP-RAST inhibition. Soy bean 

extract, peanut extract, recombinant Gly m 4 

or Ara h 8 in solution was incubated with 

soy bean-reactive serum and remaining 

specific IgE reacitivity in the samples were 

measured.  

 

1.8.1.2 Depletion  

Immobilizing the inhibitory reagent allows 

the removal of bound IgE antibodies prior 

to measurement of remaining IgE reactivity. 

Two approaches were compared, one 

exploiting ImmunoCAP tests as the 

inhibitory solid phase and one using 

polystyrene particles coated with the allergen 

extracts or recombinant allergens. 

 

1.8.2 Multiplexed flow immunoassay 
Phadia AB (Uppsala) has developed a 

protein micro-array technique. Using this 

array, detection of IgE reactivity to a 

number of proteins and protein mixes can 

be achieved with a single assay procedure 

and a small amount of sera. Small quantities 

of protein covalently bound to polystyrene 

particles are deposited onto a nitrocellulose 

membrane. A filter is placed on the upper 

part of the membrane and capillary force is 

used to transport the serum through the 

membrane. IgE specific to the deposited 

proteins bind, everything else is washed 

away. Bound IgE is detected with a 

fluorophore-labelled anti-IgE conjugate.  

 

1.8.3 BCA 
The protein concentration in soy bean and 

peanut extracts can be determined using a 

bicinchoninic acid (BCA) Protein Assay Kit 

(Pierce). It is based on a two-step reaction. 

In the first step, proteins in an alkaline 

medium reduce Cu+2 to Cu+1 (the biuret 

reaction). In the second step a purple-

coloured reaction product is formed when 

two BCA molecules form a complex with 

one Cu+1 ion. The water soluble complex 

exhibits a strong absorbance at 562 nm that 

is nearly linear with increasing protein-

concentration (Wilson & Walker 2005). 
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2. Material 

2.1 Serum samples 
Seven serum samples with specific IgE 

concentrations over 0.35 kUA/L to soy bean 

and peanut extract, were selected from an in-

house serumbank (table 1) and specific IgE 

to (r)Gly m4 (Rf353), (r)Ara h8 (Rf352), 

recombinant (r)Bet v1 (t215) and CCD 

(Bromelin, k202) was analysed using the 

ImmunoCAP Specific IgE (Phadia AB, 

Uppsala). Results were expressed as kilounits 

of specific antibody per litre.  

 

Table 1: Concentrations of IgE antibodies to soy 

bean and peanut extract in the seven serum 

samples. 

 
 

 

 

 

 

 

 

 

 

2.2 Other materials 
Other materials used in the experiments are 

shown in table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

    
serum 
number 

peanut 
kUA/L 

soy bean 
kUA/L 

51079 106,8 5,2 
45320 96,7 3,3 
51077 12,0 6,0 
48602 1,5 0,9 
46229 2,6 0,9 

   
48307 20,7 1,4 
27413 12,4 9,5 

Table 2. Used material for serum-protein incubation 
and serum analysis. 

protein 
conc. 
mg/ml produced by material 

ImmunoCAP   
soy bean   Phadia AB 
peanut  Phadia AB 
rGly m 4   Phadia AB 
rAra h 8    Phadia AB 
particles   
polystyrene  Phadia AB 
extract     

soy bean extract 3.8 
Charlotta 
Gustafsson* 

peanut extract 3.7 Lena Olken* 
soy bean proteins     
recombinant Gly m 4 8.9 Lars Mattson* 

Gly m Bd 30 K  
Jonas Lidholm 
group* 

glycinin  
Roland Thunberg/ 
Robert Movérare* 

β-conglycinin  
Roland Thunberg/ 
Robert Movérare* 

Gly m TI (trypsin 
inhibitor)  Sigma-Aldrich 
soy bean agglutinin 
(SBA)  Vector Laboratories 
peanut proteins     

recombinant Ara h 8  
Jonas Lidholm 
group* 

native Ara h 1  
Jonas Lidholm 
group* 

Ara h 2  
Jonas Lidholm 
group* 

Ara h 3   
Jonas Lidholm 
group* 

others     
CCD 0.3 Erik Unger 

recombinant Bet v 1   
Jonas Lidholm 
group* 

recombinant Phl p 12   
Jonas Lidholm 
group* 

* Phadia AB   
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3. Methods 

3.1 Preparation of peanut extract 
Proteins from 5 g peanut powder from 

Allergon (Välinge, Sweden) were extracted 

using 100 ml phosphate buffer with neutral 

pH. Extraction was performed on a shake-

board for two hours, at 4 °C. The extract 

was centrifuged 30 min (4 °C, 5000×g) and 

the supernatant, containing the water/salt 

soluble proteins, was retained. The collected 

supernatant was filtered through a filter-

sandwich composed of three paper filters 

(>20 µm, 1-2 µm, >20 µm) and then 

through a 0.45 µm nitrocellulose filter placed 

on a funnel and filtered with help of 

vacuum. Extracts were stored at -70 °C. 

 

3.2 Protein concentration 

determination 
Protein concentration was measured using a 

BCATM Protein Assay Kit (Pierce). Extracts 

were diluted 1:5, 1:10, 1:20, and 1:100 in 

0.9% NaCl and measured in triplicates at 

562 nm. Bovine serum albumin (BSA) with 

concentrations 10, 25, 50, 100, 250 and 500 

µg/ml was used to create a standard curve 

and measured in duplicates. The protein 

concentration was determined from the 

standard curve. 

 

 

 

 

3.3 CAP-RAST inhibition 
Seven sera with known IgE concentrations 

to soy bean and peanut extracts were cross-

wise inhibited with soy bean and peanut 

extract, according to the following scheme: 

 

 

 

 

 

 

 

 

Each serum was incubated with protein 

extract starting at approximately 3.7 mg total 

protein/ml and followed by 10 fold dilutions 

three times, giving inhibition concentrations 

ranging from approximately 3.7 mg/ml to 

3.7 µg/ml. Six of the seven sera were also 

inhibited with recombinant Gly m 4 and one 

was inhibited with CCD. The concentration 

series for rGly m 4 and the CCD reagent 

ranged from 100 µg/ml to 0.1 µg/ml. 

 

Twenty µl serum were mixed with 30 µl 

protein-extract, recombinant protein or 

buffer (phosphate buffer at neutral pH, 

0.03% BSA) and incubated for 1 hour at 

room-temperature. After incubation the 

concentration of unbound IgE to soy bean 

extract, peanut extract, rGly m 4 or CCD 

was analysed using Phadia’s AutoCAP 

system. The results were calculated as the 

ratio between unbound specific IgE 

      

   inhibited with detection with 

 f13/f13 peanut extract peanut ImmunoCAP 
peanut extract  f13/f14 soy bean ImmunoCAP 

 soy bean extract peanut ImmunoCAP f14/f13

 f14/f14 soy bean extract soy bean ImmunoCAP 
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concentrations and a non-inhibited buffer 

control. 

 

3.4 Depletion experiments 
3.4.1 Depletion using ImmunoCAP tests 
Depletion experiments were performed for 

the seven sera, five of them in triplicate. 

ImmunoCAP tests were washed four times, 

each time with the volume 50 µl (2× 

ImmunoCAP wash solution, 2×phosphate 

buffer at neutral pH). Fifty µl sera were 

incubated (60, 5 and 1 minutes, room 

temperature) in the pre-washed 

ImmunoCAP and then centrifuged (2 min, 

1450×g). The serum, containing unbound 

IgE, was collected and remaining allergen 

specific IgE was analysed using 

ImmunoCAP Specific IgE according to the 

manufacturer's instructions (fig. 3). The 

results were calculated as the ratio between 

the specific IgE concentrations measured 

after and before depletion. The precision of 

the assay was tested by running 12 analyses 

in triplicates. For triplicates the coefficient 

of variation (CV) was calculated using 

formula (I): 

 

 (I) CV = (standard deviation/mean) × 100 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Depletion with ImmunoCAP tests: 

incubation of serum on the solid phase followed 

by IgE analysis using ImmunoCAP Specific IgE. 

 

 

3.4.2 Serial depletions 
Six hundred µl of sera was incubated (1 

hour, room-temperature) on a total of 12 

ImmunoCAP tests, 50 µl on each, and then 

centrifuged (2 min, 1450×g). Four hundred 

and fifty µl of the remaining sera were re-

incubated (1 hour, room temperature) on 9 

new and washed tests, and the rest were 

retained for specific IgE analysis. Sequential 

depletion was continued for 10 hours, every 

hour the incubated sera were moved to a set 

of new ImmunoCAP tests. After 1, 3, 6 and 

10 hours 150 µl sera were taken aside for 

specific IgE analysis. The results were 

calculated as the ratio between the specific 

IgE concentrations after and before 

depletion. 

Centrifuged for
1450 ×g 

 2min at 

  
 

       

50µl serum sample is 
added to an 
ImmunoCAPTM

Incubated 1h, room-
temperature 

Centrifugation, 2 
min, 1450×g 

Concentration of 
unbound specific IgE in 
centrifugate measured by 
ImmunoCAP™ 
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3.4.3 Depletion using protein-coated particles 
Serum was inhibited with soy bean extract or 

rGly m 4 covalently attached to polystyrene 

particles. For soy bean extract coated 

particles the inhibitor concentrations were 

2600, 200, 100, 50, 10, 0 µg total protein/ml 

and for rGly m 4 they were 100, 50, 10, 5, 0 

µg/ml. Samples were prepared in triplicates. 

Particles and serum were mixed to a final 

volume of 130 µl and incubated 1 h (room 

temperature) followed by 1 h centrifugation 

(11500 × g). The supernatant was retained 

and analysed for IgE concentration as 

described above. The results were calculated 

as the ratio between the specific IgE 

concentrations after and before depletion. 

 

3.5 Multiplexed flow immunoassay 
Soy bean allergens, peanut allergens and 

some cross reactive proteins (table 2) were 

conjugated to polystyrene particles and 

deposited onto a nitrocellulose membrane in 

an array format. 30 µl assay buffer, 30 µl 

serum, 20 µl fluorophore-labelled anti-IgE 

conjugate (50 µg antibody per ml) and 

2×20µl assay buffer were pipetted 

sequentially onto the array and transported 

through the membrane with capillary force. 

The array was left over night in darkness to 

dry. The following day the fluorescence 

intensity of the protein spots were measured 

at 670 nm using a GenePix 4000B 

fluorometer (Axon Instruments Inc.). Spots 

coloured white when analysed have the 

highest IgE reactivity, red is the next highest 

reactivity followed by yellow and green.  
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 4. Results 

4.2 ImmunoCAP analysis on 

selected sera 
4.1 Protein concentration 

determination 
Seven sera with IgE to soy bean and peanut 

extracts were selected from an in-house 

serumbank. Additional analysis of IgE levels 

to rGly m 4, rAra h 8, rBet v 1 and CCD 

were performed on all seven sera (table 3). 

Two sera were negative on rGly m 4 and 

rAra h 8, one of these (serum 27413) was 

clearly positive to CCD. Concentrations 

over 0.35 kUA/L were considered positive. 

The protein concentration of the peanut 

extract was determined to 3.7 µg/ml, using a 

BCATM Protein Assay Kit (Pierce). 

 

 

 

 

 

Table 3. IgE binding data for the seven selected serum samples. 

 

       

            

 

serum 
number 

peanut 
kUA/Lt 

soy bean 
kUA/L 

Gly m 4
kUA/L 

Ara h 8 
kUA/L 

Bet v 1 
kUA/L 

CCD 
kUA/L 

51079 106,8 5,2 3,8 2,8 16,6 0,1 
45320 96,7 3,3 21,3 21,7 37,6 0,8 
51077 12,0 6,0 32,1 10,7 104,2 0,7 
48602 1,5 0,9 2,3 1,3 44,1 0,9 
46229 2,6 0,9 0,8 0,7 0,1 0,2 

       
48307 20,7 1,4 0,0 0,0 0,3 0,0 
27413 12,4 9,5 0,3 0,3 0,4 11,7 
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4.3 Inhibition experiments

4.3.1 CAP-RAST 
 

4.3.1.1 Soy bean and peanut extracts 

The seven selected sera were incubated for 1 

hour with soy bean or peanut extract in 

several dilution steps, starting at 

approximately 3.7 mg total protein/ml (1:1) 

ranging to 3.7 µg/ml (1:1000).  

After inhibition with peanut extract and 

measurement of remaining peanut extract 

reactive IgE (f13/f13) (fig 4), five of seven 

sera showed ratios around 0.1 to the non-

inhibited sample at the highest concentration 

of peanut extract. However, two sera (48602, 

46229) only reached ratios of around 0.3. 

When the concentration of remaining IgE to 

soy bean extract was measured, (f13/f14) 

(fig 4), three sera (27413, 45320 and 51079) 

showed ratios lower than 0.3 to the non 

inhibited sample. The four remaining sera 

(48602, 46229, 48307 and 51077) only 

reached ratios of around 0.5. When soy bean 

extract was incubated with the same seven 

serum samples followed by measurement of 

remaining soy bean extract reactive IgE 

(f14/f14) (fig 4). Three sera (27413, 51077 

and 51079) showed ratios of around 0.1 of 

the non-inhibited sample. Three other sera 

(45320, 48307 and 48602) showed ratios of 

approximately 0.4. The remaining serum 

(46229) showed a ratio higher than 0.5. 

Measurement of remaining IgE reactivity to 

peanut extract (f14/f13) (fig 4) showed 

ratios that were considerably higher. Two 

sera 48307 and 51079, both having more 

than 15 times higher concentrations of IgE 

to peanut extract than soy bean extract (table 

1), were nearly unaffected by the highest 

concentration of soy bean extract. Three 

sera (45320, 46229 and 48602) showed ratios 

of around 0.7 to the non inhibited sample. 

Only two sera (27413 and 51077) reached 

ratios around 0.2.  
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Fig 4. CAP-RAST inhibition of seven sera (a-g) with soy 
bean extract and peanut extract. Direct and cross-wise 
detection with ImmunoCAP allergen f13 peanut or f14 
soy bean. 
 
f13/f13: Peanut extract as inhibitory allergen, detection 
with ImmunoCAP allergen f13. 
f14/f13: Soy bean extract as inhibitory allergen, detection 
with ImmunoCAP allergen f13. 
f13/f14: Peanut extract as inhibitory allergen, detection 
with ImmunoCAP allergen f14. 
f14/f14: Soy bean extract as inhibitory allergen, detection 
with ImmunoCAP allergen f14. 
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4.3.1.2 Recombinant Gly m 4 

CAP-RAST inhibition was also performed 

with rGly m 4 in four concentrations. Since 

two of the seven selected sera had anti-rGly 

m 4 antibody concentrations less than 0.35 

kUA/L they were excluded from the 

experiment. After 1 hour incubation, 

remaining rGly m 4 reactive IgE was 

measured. All sera, except 46229, had ratios 

around 0.2 of the non inhibited samples 

after incubation with 100 µg/ml rGly m 4 

(fig 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.1.3 CCD 

Since serum 27413 had a level of IgE 

antibodies to CCD structures which 

indicated that the major part of the reactivity 

to the soy bean and peanut extracts was 

directed to CCD (table 3), it was incubated 

with a purified CCD reagent followed by 

analysis on soy bean, peanut and CCD tests. 

It showed a ratio of approximately 0.1 of the 

non inhibited samples when incubated with 

100 µg/ml CCD (fig 6).  

 

 

 

 

 
CAP-RAST inhibition with Gly m  4

0.0

0.2

0.4

0.6

0.8

1.0

0 0.1 1 10 100
inhibitor concentration (µg/m l)

ra
tio

45320

51077

46229

48602

51079

Serum 27413

0.0

0.2

0.4

0.6

0.8

1.0

peanut soyabean CCD
detector ImmunoCAP

ra
tio

non
inhibited

inhibited
w ith
CCD

Fig 6. Serum 27413 incubated with cross reactive 
carbohydrate determinants (CCD), followed by 
measurement of specific IgE to peanut extract, soy bean. 
extract and CCD. 

Fig 5. Incubation with rGly m 4 followed by 
measurement of specific IgE to rGly m 4. 
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4.3.2 Depletion with ImmunoCAP  tests 

The seven selected sera were incubated on 

soy bean or peanut extract ImmunoCAP 

tests followed by measurement of remaining 

IgE reactivities. Four sera (51079, 48602, 

40307 and 27413) had similar ratios after 

incubation on ImmunoCAP tests carrying 

soy bean extract or peanut extract, while 

three sera (45320, 51077 and 46229) were 

depleted to a higher extent by incubation on 

peanut extract. (fig 7a). 

 

 

 

 

 

 

Furthermore, five sera were incubated on 

rGly m 4 or rAra h 8 ImmunoCAP tests 

followed by measurement of specific IgE to 

rGly m 4 or rAra h 8. All sera, except serum 

46229, were depleted to ratios less than 0.15. 

While the fifth serum, 46229, was nearly 

unaffected by depletion with rAra h 8, but 

when depleted with rGly m 4 it reached a 

ratio of 0.15 (7b). 

 

The precision of the experiments was 

estimated from repeated measurements (12 

experiments run in triplicates) and the 

coefficient of variation, CV, was found to 

range between 4 and 20% (table 4).  

 

 

 

 

 

 

 

 

 

 

Depletion with recombinant protein 
-Gly m 4 and Ara h 8 ImmunoCAP

0.0

0.2

0.4

0.6

0.8

1.0

51079 45320 51077 48602 46229
serum sample
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tio

Gly m 4

Ara h 8

Depletion with extract
- soya bean and peanut ImmunoCAP 

0.0

0.2

0.4

0.6

0.8

1.0

51079 45320 51077 48602 46229 48307 27413

serum sample

ra
tio

soya bean

peanut

Fig 7a. Seven sera incubated on soy bean and 
peanut ImmunoCAP tests followed by 
measurement of specific IgE to soy bean extract 
or  peanut extract. 

Fig 7b. Five sera incubated on rGly m 4 or rAra h 
8 ImmunoCAP tests, followed by measurement of 
specific IgE to rGly m 4 or rAra h 8. 
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4.3.3 Depletion with protein-coated 

polystyrene particles 
Three sera were incubated with different 

concentrations of soy bean extract (ranging 

from 10 µg/ml to 2600 µg/ml) or rGly m 4 

(ranging from 5 µg/ml to 200 µg/ml) 

attached to polystyrene-particles in 

triplicates. Serum 51079 (fig 8a) showed a 

ratio of around 0.1 to the non-depleted 

sample for soy bean  extract reactive IgE 

antibodies but reached only a ratio of 0.75 

for rGly m 4 reactive IgE antibodies. Serum 

51077 (fig 8b) showed the opposite results, 

with a maximum ratio around 0.5 for soy 

bean extract reactivity and a ratio lower than 

0.05 for IgE antibodies to rGly m 4. Serum 

45320 (fig 8c) showed similar ratios when 

incubated with soy bean extract or rGly m 4 

attached to particles, with results around 0.3 

of the non-depleted sample.  

 

The precision of the assay was tested by 

running the samples in triplicates. CV values 

varied from 1 to 17 % (table 4), using 

standard deviations and mean values for the 

calculations.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b

c

Fig 8. Sera 51079(a), 51077(b) and 45320(c) incubated 

with soy bean extract or rGly m 4 attached to 

polystyrene particles followed by measurement of 

specific IgE to soy bean extract or rGly m 4. 
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4.3.4 Summary of inhibition experiments 
A summary of the results from the 

inhibition analysis of seven sera using the 

three inhibition strategies is found in table 4.  

To facilitate comparisons only results from 

experiments using allergen extracts at 200 

µg/ml or recombinant allergens at 100 

µg/mL as inhibitors are shown.  
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   method: CAP-RAST depletion depletion  

      inhibition ImmunoCAP tests 
allergen coated 
particles    

   inhib.time 1h 1h   1h    
 inhib.conc: extract 200µg/ml  200µg/ml    
   rec.protein 100µg/ml  100µg/ml    
   inhibited            
 Serum # with ratio ratio CV ratio CV  
 45320 f14 0.35 0.44* 12 0.60* 1  
  f13 0.17 0.10* 15    
  Gly m 4  0.63 0.06* 15 0.18* 16  
  Ara h 8  0.05     
         
 27413 f14 0.15 0.12     
  f13 0.18 0.09     
  Gly m 4  0.91 0.87     
  Ara h 8  0.88     
         
 46229 f14 0.49 0.61     
  f13 0.26 0.41* 5    

  Gly m 4  0.78 0.12     

  Ara h 8  0.88     

         
 48307 f14 0.11 0.12* 4    
  f13 0.11 0.13* 8    
  Gly m 4        
  Ara h 8       
         
 48602 f14 0.48 0.10     
  f13 0.58 0.14     
  Gly m 4  0.64      
  Ara h 8  0.05     
         
 51077 f14 0.15 0.64* 18 0.70* 10  
  f13 0.42 0.39 16    
  Gly m 4  0.34 0.02* 19 0.05* 12  
  Ara h 8  0.09     
         
 51079 f14 0.31 0.09* 11 0.17* 17  
  f13 0.27 0.04* 20    
  Gly m 4  0.55 0.16* 7 0.75* 1  
   Ara h 8   0.05        

 
*Samples prepared and analysed in triplicate 

Table 4. Seven sera were inhibited in solution or depleted using ImmunoCAP allergen tests or allergen-
coated polystyrene particles. f14: ImmunoCAP Allergen f14 soy bean, f13: ImmunoCAP Allergen f13 
peanut. 



4.4 Applications 
4.4.1 Depletion with ImmunoCAP tests –

varied incubation times  
The time dependence of the depletion 

reactions was examined. For all sera the 

degree of depletion increased with 

incubation time, resulting in decreasing 

ratios (fig. 9a-d). The ratios varied with 

serum and ImmunoCAP tests, as seen in 

previous experiments. Generally, a serum 

(for example serum 46229) with a high ratio 

for the standard incubation time (60 min) 

often had high ratios already after incubation 

for one and five minutes.  
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Fig 9a. Six serum samples were incubated on 
ImmunoCAP Allergen f14 soy bean followed by 
measurement of soy bean reactive IgE.  

Fig 9b. Six serum samples were incubated on 
ImmunoCAP Allergen f13 peanut followed by 
measurement of peanut reactive IgE. 

  
 

 

 

 

 

 

 

 

 

Fig 9c. Five serum samples were incubated on 
ImmunoCAP Allergen rGly m 4 followed by 
measurement of rGly m 4 reactive IgE.  

Fig 9d. Five serum samples were incubated on 
ImmunoCAP Allergen rAra h 8 followed by 
measurement of rAra h 8 reactive IgE. 
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4.4.2 Depletion with ImmunoCAP–serial 

depletion 
Two sera, 46229 and 51077, that were 

poorly depleted by allergen extract even with 

60 minutes incubation were selected for an 

experiment with sequential incubation using 

several ImmunoCAP tests in series. Serum 

46229 was serially depleted ten times on the 

peanut extract (fig 10a). The same procedure 

was repeated for serum 51077 on soy bean 

extract (fig 10b). The ratios decreased for 

both sera with increasing number of 

depletion steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10a. Serum 46229 sequentially incubated with ten 
peanut extract ImmunoCAP tests. The concentration 
of peanut-reactive IgE was measured after 1, 3, 6 and 
10 transfers of ImmunoCAP tests with peanut 
extract.  

Fig 10b. Serum 51077 sequentially incubated with ten 
soy bean extract ImmunoCAP tests. The 
concentration of soy bean-reactive IgE was measured 
after 1, 3, 6 and 10 transfers of ImmunoCAP tests 
with soy bean extract.  
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4.4.3 Multiplexed flow immunoassay Serum 51079 depleted with soy bean extract 

was analysed on the same micro-array (fig 

11g-i). Non-inhibited serum 51079 (fig 11g) 

contained IgE antibodies against glycinin, β-

conglycinin, soy bean extract, rBet v 1, Ara h 

1, Ara h 2, Ara h 3 and peanut extract. After 

depletion on ImmunoCAP

IgE reactivity in serum 51077 after depletion 

with rGly m 4 was analysed using a protein 

micro-array assay with a number of allergens 

and allergen extracts (fig. 11d-f) In figure 

11d the spots corresponding to the proteins 

rGly m 4, rBet v 1 and rPhl p 12 interacts 

with IgE antibodies in the non-depleted 

serum. After depletion on ImmunoCAP

 tests (fig. 11h) or 

with allergen-coated particles (fig. 11i), the 

spots representing glycinin, β-conglycinin 

and soy bean extract showed considerably 

less intensity while the rest of the spots kept 

their intensity. 

 

tests (fig. 11e) or with allergen-coated 

particles (fig. 11f) the intensity from the rGly 

m 4 spot is much lower, whereas the 

intensities from the rBet v 1 and rPhl p 12 

spots are more or less the same.  
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g) Serum 51079 non 
depleted. 

i) Serum 51079 depleted 
with soy bean extract- 
coated particles (100µg/ml). 

f) Serum 51077 depleted 
with rGly m 4-coated 
particles (100µg/ml). 

e) Serum 51077 depleted on 
rGly m 4 ImmunoCAP test.  
 

Fig 11. Sera were analysed using a micro-array assay. Spots coloured white have the highest intensity 
corresponding to the highest antibody-allergen complex concentration. Red is the next highest intensity, 
followed by yellow.  

h) Serum 51079 depleted on 
soy bean extract ImmunoCAP 
test. 
 

 

d) Serum 51077 non 
depleted. 

c) negative control b) array map explanationa) array map 
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1: glycinin
2: β-conglycinin 
3: rGly m 4 
4: soy bean trypsin 
inhibitor 
5: soy bean agglutinin 
6: rGly m Bd 30K 
7: CCD 
8: soy bean extract 
9: rBet v 1 
10: rPhl p12 
11: nAra h 1 
12: nAra h 2 
13: rAra h 3 
14: rAra h 8  
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5. Discussion and 

conclusion 

The major advantage with the CAP-RAST 

inhibition technique is that after mixing of 

inhibitor with serum followed by incubation 

the sample is ready for analysis. The two 

depletion techniques evaluated in this report 

both require much longer hands-on time. 

However, the two depletion strategies will 

avoid the problems with diluted serum with 

remaining inhibitors not useful for all 

applications, for examples protein micro-

arrays which will be discussed further down. 

Moreover, by addition of the sample to pre-

washed ImmunoCAP tests already 

positioned in a centrifuge the incubation 

time can be shorten down to one minute 

using this strategy. This is not possible using 

depletion with protein coated polystyrene-

particles because the antibody-allergen-

particle complex needs one hour at high 

speed in the centrifuge to form a pellet that 

can be removed from the serum sample. 

However, when it comes to hands-on time 

in the laboratory, depletion with polystyrene-

particles needs considerably less time than 

depletion on ImmunoCAP tests. This is 

particularly evident when a larger volume of 

serum is inhibited, since one ImmunoCAP 

test is needed for every 50 µl sera.  

 

When preparing soy bean and peanut 

extracts it is likely that some proteins of 

interest are washed away or denatured 

during the extraction procedure. In this 

report, extracts prepared according to the 

same procedure have been used for 

inhibition of the sera with all three methods 

indicating that any differences seen between 

the methods are not due to variations 

between different batches of extracts. 

However, the proteins in the extract may not 

become immobilized to the same extent on 

different solid phases. Some proteins are 

likely to bind better to one support than to 

another, resulting in different compositions 

of proteins on the ImmunCAP test 

compared with the polystyrene-particles. 

This may explain variations in results 

obtained by the different methods. For 

example, serum 51079 is more effectively 

inhibited on solid phase than in solution. 

Others, for examples serum 51077 incubated 

with soy bean extract, is more effectively 

inhibited with the CAP-RAST strategy than 

using either of the two depletion strategies. 

When sera were incubated on ImmunoCAP 

Allergen rGly m 4 followed by measurement 

of rGly m 4 reactive IgE, all tested sera 

resulted in lower ratios than the CAP-RAST 

and the polystyrene-particle strategies. 

However this may be an effect of the 

number of proteins attached to the 

ImmunoCAP tests, since the amount rGly m 

4 attached to the ImmunoCAP is unknown. 

Serum 27413 showed inhibition levels in the 

same range as the other selected sera. 
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However, analysis of reactivity against CCD 

structures indicated that a high proportion 

of the antibodies were directed against such 

structures. Further experiments using a CCD 

reagent as inhibitor showed that the major 

part of the IgE binding to both soy bean 

extract and peanut extract actually was 

directed to CCD structures. Without 

analysing sera like this one for CCD reactive 

IgE antibodies, it may be difficult to 

interpret reaction patterns. 

The depletion method was used in three 

applications not compatible with the CAP-

RAST inhibition method. In the first 

application the incubation time for serum 

and allergen attached to an ImmunoCAP 

test was varied. When five to six sera were 

incubated for approximately one or five 

minutes, as compared to one hour, they did 

not end up with the same inhibition levels. 

Shorter incubation time resulted in lower 

degree of inhibition. This was not 

unexpected and it may be an effect of some 

IgE antibodies having higher affinity than 

others and therefore they can bind to some 

allergens faster than others.  

 

To facilitate the comparison between 

different techniques only a few protein 

inhibition concentrations are shown in the 

summary of inhibition experiment (table 4). 

The level of 200 µg/ml, for protein extract, 

was selected after discussions with Johan 

Broberg at Phadia. Generally, the amount of 

attached extract to an ImmunoCAP test is 

around 10 µg and the closest interpretation 

is a concentration of 200 µg/ml for both 

CAP-RAST inhibition solution and 

polystyrene-particles. Results for 

recombinant protein concentrations at 

approximately 100 µg/ml are presented for 

CAP-RAST inhibition and polystyrene-

particle depletion. However, the 

concentration of rGly m 4 is 25 µg/ml 

during conjugation to the ImmuoCAP

In the second application sera were depleted 

using sequential incubations on several 

ImmunoCAP tests in series. Serum 46229 

that was sequentially incubated on ten 

peanut extract ImmunoCAP tests ended up 

with a ratio less than 0.1 compared to a ratio 

of around 0.4 after a single incubation. The 

results indicate that one or a few peanut 

allergens are not present in sufficient 

amount on the solid phase.  

 

CAP-RAST inhibition, where the protein 

extract is diluted and incubated directly in 

the serum, is a well known technique. Earlier 

studies at Phadia using CAP-RAST inhibited 

sera in a protein micro-array (personal 

communication, Camilla Eriksson and Sigrid 

Sjölander Phadia AB) have shown that, the 

IgE antibody-allergen complex formed 

 test 

but the amount actually attached is not 

known. 
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during incubation is a potential problem. 

This might be due to non-specific 

interactions of the complexes with other 

substances, for example the nitrocellulose 

membrane and spotted proteins. Also, since 

the serum is diluted it has lower density than 

non-diluted serum and the capillary force 

will transport the serum faster through the 

membrane. If the serum instead of being 

inhibited with CAP-RAST is depleted with 

ImmunoCAP tests or polystyrene-particles it 

is not diluted and no antibody-allergen 

complexes influencing the assay 

performance are present. The results in this 

report indicate that inhibition using the two 

depletion strategies may work well when 

micro-arrays are used to evaluate IgE 

reactivities. 

 

 

The precision of depletion using 

ImmunoCAP tests and polystyrene-particles 

was tested by running triplicates of twelve 

and six samples, respectively. Calculated CV 

values varied from 1 to 20% and six of them 

were lower than 10%. This shows that both 

techniques have a reasonably good precision.  

 

Although only seven sera were used in this 

study, the results strongly indicates that it is 

difficult to predict the extent of inhibition to 

be expected for a given serum, as it is 

dependent on the technique employed. 

Therefore, it is important to choose the 

inhibition strategy carefully. 
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